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2 0* 0 3 - 3 8 5 5 9 4 ^- v : 1/ 



im^m 1 1 
li»«3 1 

fiiE:^n°p7i^ ^.5?<b, ^m^^^Ml-. MJitrmT-, ^nm^jfe^^^-. ^nilJItfH 
:?5.a^'^^X(±fm<^&^*-r'2':fep°p75^'b^:-i>^:6^<bii^$^x^:6:p°pT-*)-i, 

IS*:® 1 4" L 6 <7)v^-rn75^ 1 ■^\,z%WL<o1mn.mmf^si^<r>u^1lmo 
itmm 1 0 1 

mUyi<.m\±^m±m^t^m\ ca-^ Mg-\ Al3^ Fe-^/^^- cu-\ zn-^ 

i>Zt^!WWitir:bMmm9Xii 1 0 me«icW:tp°Po 
[i»*3li 2 1 

v^-fn75^ 1 3lUfEm<o:ftp°po 

im*]® 1 3 1 

Buie:^p°p75^ 1 2 Ot:Jiil±-ejp|l!Lpa^n^Ap°p-e*-2>C i:S:#i!ct-r'5)ff*:^9 
L 1 2 o\.^-rtL75^ 1 3ltcis«c<^:g:o°po 

[IS^J^JI 1 4 1 

m^mi 5 1 

HfiiE&p°o;5^ mm. ^^h. ©iSLJitrmT", ^Dm«^#mT-> mm,mim 

;S.t>'^i^Xfi^i|^<7)j^^qt-r'5.:ftp°p*^'b4'>2>#*^'bii^R$tL-&:ftp°BT-ab'2» 
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10 0 0 1 1 
[0 0 0 2] 

^-rv^ljStz'^14^-ii:-2.c: tTi^'-ei-So :fep°pOJ!jpi!Lpa:^ffiic{i. m.^. ^1", m 

10 0 0 3] 

[0^#B^:5:M 1 ] Chemical Research in Toxicology 13: 517-522(2000) 
W\^t^'XU.2 \ Nature 419, p. 448-450 (2002) 

[0 0 0 4 ] 
[0 0 0 5] 

m<^#-i:c. T^'))VT^ Yimm\:Lfz^mmmm^mi^t^^ti)^x^i>:zt 
^^^Lfzo tfz. yi-'T h^y-fT.^^^ y^-^<7)Xoiz^ mx^iffzn^-yyxj^< 
^j: t'(DM'&xi]mmmi- ^:k^a^zis\.^x i^mm^:.. !W^<^y\^m^^m±mit'^^immm 
mmi<zmm'ri>z nzxn . 7^'j;ut^ vi\&mtLfzi,(D:^m^x^^zti^a!,L 

fZo 

[0 0 0 61 
[0 0 0 71 

±iEiiii(i. ^(o^mzx^m^^tifzo 

[0 0 0 8] 
[0 0 0 91 

( 2 ) HulE7Kv#14#'ffi#Sfb'^-t/^^4^ < .5: ^) 1 a^v^^Sn^ tL7t:Ap°p^»Pi^PS-r'5. C 

t^mmti-^ (1) icie«<7)ijn#Apa:g:p°p(7)mii:^-&o 

[0 0 10] 

(3) mm:^m^§^m^mit^^i)\ Ca-\ Mg^\ AI^\ Fe^*^^*^ Cu'* 
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m'tLi^n^it^^-Ci>^^ti:3^Witir^ (1) 3Z.fi (2) t;|e«<^»P^PS:t:p°pO|8 
[0 0 1 1 1 

(4) miiE:i:p°nt-ii. m:mRvyxummi)'^tti^^ti!\^Wit-r^ d) 't^/^u 

[0 0 1 2 1 

(5) MiE:tn°p75^ 1 2 ox:l^l±■^mmmm^i^^^^^X'$)^zti:!l^mtir^ d 

[0013] 

(6) mmijmmm^^. -i^m^f. "^if^p^-s (5) iztm<7yijmm 

[0014] 

(7) mfifiAp°p75^ mm. x^^h. B^mik^Mi-. &^m.imm^. mmm^Mi-. m 
^uX'h^ (1) 'Srv^L (6) <D\^^-r^-/}-\^\iZtm.mmmm^^u(r>m:m.i^mo 

[0015] 

[0 0 16] 
[0 0 17] 

(10) i^m^^m^mit^'i^ ^ m\^-t t J: 19 f^it $ -g. 7 7 ^ k ^ jg: 
[0 0 18] 

(1 1) m%^y^mn^m±m,i\L^m-h\ Ca-'^ Mg2\ A13\ Fe^^^^^- Cu^ 

it^^mxh^^t^m'WLt-r^b (9) xti (10) tcf£«co:fe„°no 

[0 0 19] 

(12) mie:6:p°pt;{i, f^J^JS-jy^'/Xfi jm^^i^^'^i^ ^#11!^ fc-r^ (9) 
L (1 1) <7)v^-rtL75M :^tcfE«o:t:n°po 

[0 0 2 0] 

(13) frfE:^p°p75^ 1 2 0 t:m±-cDnS*i@a$n^:tp°p-t;-*^- t ^wmtl-^ ( 
9) 'Srv^L (12) ov^-r^5i^ 1 3St;fe«o:i:p°po 

[0 0 2 1 1 

(14) miiummmiiK imm. i!^^ibx^tmmzx^'i^ioix^ (13) \iZ%m.(D^ 

a 

PPo 

[0 0 2 2] 

(15) #fiE:i:p°p75^ mm. ji^h. ^m.m^^^. ^m^m^mi-. mm.m^m^. 

'k.^uXhi> (9) 4^v^L (14) Ov^-rti;)^ 1 3MtliSmoAp°po 
[0 0 2 3] 

Jtin^PS^$n-i>-<i^:ftp°p (1-4^^?*.. Ap^Ali3lHu<7)t:p°p) ZS.y''J!jpil?^PSv^<^:^p°q7)^'#S 
[0 0 2 4 1 

miEiTf 2003-3099976 



Wm 2 O'O 3 - 3 8 5 5 9 4 ^- v : 3/ 

[0 0 2 51 
[0 0 2 61 

p°nX fi o ma ^ii^m^ (^j a {s\ tK ^ -a tf mm^ ^z 7K?§14# ii^s f t-^ 
m^^i^maL. ^m^m-i t><r>mmx-'kShxii'e(Dmnizmimir^m^) i>^tfi^ 

o 

[0 0 2 71 

ij)V'y^A^ 'J > gtH ;^ -> ^ A , iJ'''; -tn 'J >^:*;i/->'> A, 'J > ^— tR^ 5^ v A 
■> A, 

A 1 ^^i^fig'fl:^!!^ : 5 3 -i^/N'^ 'J 5 3 "^^/N-^ ^) AT )l < ^'^ A) , T> 

B a-^it^-ft-^tJ : ilft/-^''; ■> A. ■> a 

[0 0 2 8 1 

i.uii^m^^m^mit^'^^z^it'rh^^tiiit^^ immm) i>^mn(DiKm^^m± 
mit^'^hz-^tfti.i.ot'tho tfz. ^ixuw'^i^mmii^m\^^m^mit^^'^(Dm.m 
^z^tiy-ti:<xi>. yi^^mt(DKJ^>-BLTf^<Dm\:^KJSE.'\,z^ v):^mn<Dii^m^^m^mit 

m(7)Ami^^m±mit^'^i>z^tix^i><Dt-r^o 

[0 0 2 9 1 

H^T ^ \) )17 < Kfi ^ tei^'ft-f a ^ 7)^'-e ^ n $1] PI li 4^ v ^ „ vtff )t f± > 7R-^gt4# 
fiIfi^Jl'fk^"!|?!;<^mS^t-J: f)M4-^75N 1 Omg/1 0 0 g (2 5t:) fSStJ-i-C^b-i) ^ 

[0 0 3 01 

:$:|&^07K-}§14#iffi^Jl'fl:'&2|^fi, C:}x'b5::fep°ptCr^tjp-r^*j><^)-e$)'2)o U-oX^ 7Kv§ 

tbiEii* 2003-3099976 



2 O'O 3 - 3 8 5 5 9 4 ^- v : 4/ 

[0 0 3 1 1 

-ti:t#'i>s-r*nTOt2$ijpjii±'S: < . ^v^in:ftp°n<7)as, mmum^mm. yi^m\^^m^m 
L T 0 . 0 1 % - 5 % (Si) ^mmmx^^ o 

10 0 3 2] 

^ot^,, ^^m<7)y^-i^^mm't^'kShizX'oxii. :^m^<D7i^mi±^m^m'[t^^x 

izyt^^^^tix^^^^m^'^p. mmmm'DMmxmma'kmi^i-^j&i-^iM^^ii^^o t 
<^ J: 9 ^j:m^izit. 7t^^^^ixx^^i>m'^mmmm<Dmmx^^LfzmfzimMM^WL 

h-fZti)^X^ho 
[0 0 3 3 1 

m^m'it^^i^mo^t^m t^mv xmm -r^^Lti^x^^o 

[0 0 3 4 ] 

yi^mik0'm^mit%^<Dmm^^^j:y^^m'kiz^^^K^x^^ o^^a<D7 ^ )\^7 < v^m 

[0 0 3 5] 

io^vi ^ isffl -r -5. ^ <h o t:- ^ ^ Aa°n (± > mmmmitz x^7^') )\^7< vi^m^ l 
h ^ n 3 V i)^^ tti^ :fti?q izmm-r^zt t^x ^ ^ o 

[0 0 3 6] 

. \£7.^yh. ^yyii-m) . ^mm^^ {Y-i--jym nm.m^Mi- (^-tS^X 

]yy^yy4) , ¥^> t:\ y.i- y ^ 7-^>K, :h y , mfiXfifx 

^, J#tf##, mif7>'i5'>^) . U^m^a ($oS?i{f\ ■t><;t5^) , (lio 

[0 0 3 7] 

^fihmK 1 2 ot:AUJt<^sjg-eMM$n<5)o 

[0 0 3 81 

tBliE#2 003-3099976 



mm 2 O' 0 3 - 3 8 5 5 9 4 ^- v : 5/ 

[0 0 3 9] 
10 0 4 0] 

@ ff^^> ^ V ^ !± vrtidi^o V tc ^ ^ i± . is^'^'&.^m^mit^m ^m^r~. * ^ 
^^hM-H^-r^zt-Zi^x^ i>o 

[0 0 4 1 1 

i-gjo MW}:wihz>^^[immk(D^^aKio\j^xit. ^m^m^ ^yit. 4 ^yfDttmtm 
t-ff^LTi/^^ h ^j>«^$;}x^7:»^\ ^ix-h. mw. ^y^^^v.. T<^m. wm. mm 

o 

[0 0 4 21 

imm'ri>$mxmmLfz^ . mmzw^in^Lfz^ik. m^^^m^xm^^J^^-t^^zmii^. 
izm^i-^:^ tiiX^^o tfz. y ^-^(Dm(Dm^M^<Dm^^zii, ^mi:mm-t7o 
^mizmm-r^:iti,x^:hL. mm^mi<zx ^m^^ttzmrnxm^-r^ztiiX^^o 

[ 0 0 4 3 ] 

-^mLx^^^iELmRrfm^^z^ixrmk^-r^^ti^^x^^o i>'oti>. ^(^mm^m.-^^ 
i^Tximmmm-t^^tizx 19 t^";;u7 5 v-/}^^^ir:hm^iz^§^m<Dyjm^mmir7o 

z tiiWo txi,^j:y^^o 'km,<^1]m'Piz7 ^ JIT ^ V-^m^i-^'&mn. tiim^M^'t 

*f*<i, m-^. rfi^i^f im-^. 1 2 0-2 0 o°c) , t-y'ymizxi>m^ (ii#> 1 3 

0-2 8 0*0 r'*)-S7!»^\ Zixhlzm^^fi^i><7)Xii^j:\^^o tfz. T^'J;UT5 Kc7)|§ 
[0 0 4 41 

m<D^si,RV7^ 'j;u7 5 vi:i&mitLfzmmmmm^±s'aiii&mi-^o 

[0 0 4 51 

jiiiTojtfj^a 1 - 4 2s.f>'*s£w 1 ~ 1 3 fi. ^ixrti:^^m(r>ifm^mmif'=pmmizM 

ttilEijf 2003-3099976 
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[0 0 4 61 

(itmm 1 ) 

5kgt.:kiA 7 6g.75^^•rv^ 16. 4 g {RM:^ ^ . miMi- h 

Hirfea^il!l^'S-Sl-1^EoTo-;uffi3^L-C 0. 7 7 mm<7)l¥$ i: L. 20 
0 tti LTiliS 1. 5mm(7)mi^t Lfzo 

ymv-V 1. 3 4 %7&-fb4-'l> (p H 6. 80) ^Wc^LfZo 

[0 0 4 7] 

(itmm 2 ) 

5kgi:.:i:i£ 1 5 2 g , 16. 4 g (j^gl;^ 'J A . 

h'J-^Al^) ^J!jnxTm#L/i 1. 6 k gcoTK^ ^ ^-^--i^^AL, 185tF^?IML-C 

^v^-e. #i|E^^ife^'^fet;ia&o-Cn-;H±^LT 0. 7 7 mmO»¥$ i: 20 
#:ft^-e^ 0 tH LTipi 1. 5 mm(Dmr^t LfZo 

Mv^T^neS^^. #V*m: i9 9 0#F^^L/^t^. :ftia 5. 7 2%.^)^^^ 
ymv-^' 1. 3 4 %75^e4^^ (p H 6. 8 0) ^ML/Jo 

Cin^ffli^^^fi:* y h L, 'J x-:^-^CJ|X^ L-C 1 5 0 "CO/n*- H 
T 1 2 Ot>rBl^fiJitf^tf oTMi(f4'M^#/::o mrlS^i^Smtfffl^ ^l- 

v^ti. ^-y^iR^L. M^LTpf; •;/7"Ai9fiP0?Witf4'IIS^miiL/>:o 
[0 0 4 8] 

atnm 3 ) 

/h^^l^ dkgt.^m. 7 6g.^^^1-v> 1 6. 4 g (^m^ ') -^A, ^Sl:?- h 
H;^^) ^ jt^^l^pf, t; ,^ A 2 5 g ^JIJOx-TtElf L;t 1. 6 k g (OtK^ 5 ^-9-- t^JSA 
L , 1 8 :5tFB^rIM L xm^M tLfZo 

^v^i:\ iulSS^lifa^#^it;tJ£o-Cn-;H±® tr 0. 7 7 mmOJP? i: L. 20 
#:ft50T?^«)£bLTipg 1. 5 mmoa^t L/Co 

^v^T^;fi<b^^^, -ft-ffitc J: 0 9 OfpmmLfzm. -^iR 5. 7 2%, iS^^U^? 
^'^y-r 1. 3 4 (p H 6. 8 0) ^t^^L/io 

^--f^iimL. mmLxij y-:rx^nm-mmif^mmi:mmLfzo 

10 0 4 9] 

(Jtic<?IJ 4 ) 

/J>^5^ 5kgt>:ft:ta 7 6g>;^^^^•rv^ 16. 4 g (RMiJ ') ^ . R^-f- \^ 
^ J^m) . mMiJ ^ ^Qgilm^xmWLtz 1. 6 k g OtK^: 5 ^-if- US 
A L , 18 5fm^m^ L TM^M tLtzo 

^-k^^X. mttm^iki-Wmz^iit^XU- )VJ±mLX 0. 7 7 mmO)¥$ t 20 
#:^3g-e^ <9 ai LTipi 1. 5 mm(7)MI?c<h L/Co 

Mv^-CCnib®^?:, J: 19 9 0#F^^L/cf^, 5. 72%, ^^i-^? 

1. 3 4 %75^ib^''& v-V (p H 6. 80) ^^^LfZo 

3n<ba^'=?c^^fi;^ h L, 'J x-:h-(CJ|X^ LT 1 5 0 t:<7)/N°- Arfitc 
T 1 2 0#r^/Slitf^^f o-C^Stitf'+'l^a^ttTtio -om, -mU^mm'mi:iJ y^r^z 
v^n, ;^-7'^i|X^L, ^MLT:^y7'A'9BP^-/fiti{f4'I^S^MiiLfCo 
[0 0 5 01 
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inmm i ) 

/h^?^ 5kgi:.:fcia 7 6 g. 75^^-r>/^ 16. 4 g (^pt^^ 'J A , h 

:^\^^X'. mum^m%'^-mizu^rti-)ummLr o. 7 7mm«^/*$t l. 20 

ymy-V 1. 3 4 96/^^'b4-'2) 7-?S (p H 6. 80) ^^^LfZo 

^mbS^^^i;^ h L. 'J x-:^-i;JR^L-C 1 5 0 t:0/N-- Ayft 

[0 0 5 1 1 

mmm 2 ) 

5kgi:,A*a 7 6 g, 75-^1-v^ 16. 4 g (^^^^ "J A, ^^^^M- 
'J-^Al^) ^mK.xmWLfz 1. 6 k g07K^5 ^-^--twiSAL, 1 B^P^Xi^^L-CS 
^Hkt Lfzo 

>X\^^X. mtim^M^-^i^izm^Xu- )UJ±mLX O. 7 7 mm<7)l¥$<h L, 20 
^"^JJXWO tULXm 1 . 5 mmOffl^ci: LfCo 

ymv-^ 1. 3 4 %, :^'fb:^>'^v'^ A 2 o/oTi^e'Sr-Sv^r 7-?W (p H 6. 8 6) ^ 
m^LfZo 

[0 0 5 21 

mmm 3 ) 

/h^l^ 5kgt,:i:4a 7 6g,75^^-rv^ 16. 4 g C^^:^ V 'i' A , ^^-s^ h 
U A*^) , ?Li^y^;kv'> A • STKfnt; 2 5 g^m^xmWtfz 1. 6kg07K$:5 

Hf)IES^ltk^#-Sf;tJ£o-rn-;Ui±5£L-C 0. 7 7 mmO/? ^ <h L, 20 
#:^^t: ^U 19 Hi LTilii 1. 5 mm<Dm^t LfZo 

m^^x^tihm^^. -B^izx n 9 otmmLfz^k. ±iM. s. 7 2%. ^'-^w^ ^ 

>^y-^ 1. 3 4 "/o^O^'b'S^^ ->-\' (p H 6. 8 0) ^Wc^Lfzo 

T 1 2 ot>PBi/fiJitf ^tf oTMJitff^s^^/co -om. mm^mmm::^ ■yy'^z 

[0 0 5 31 

(^M^IJ 4 ) 

5kg^.:i:i£ 7 6g,/5^^1-v^ i 6. 4 g (^m>^ a, ^^^^h h 
'J -^7 Alf) , ^*;i/=r >^:^;w->'^ A I 9 g^m^xmWLfz 1. 6 k g OtK?- 5 ^-iJ- 
-tilSAL, 1 8:e-PE^rt^.t-CS^*ilit LTto 

^X^^X\ mUm^ilk^'^-mi<z'lJt^XXJ-)Uj±mLX O. 7 7mm<7)ff$i: 20 
19 tB LTitiS 1. 5 mmOm^t LfZo 

m^^xzixhmn^.^. nmizx ^ 9 om^MLfz^^. s. 72%, 
ymy-r 1. 3 4 %;i>-^>4-* 7-?s (p h 6. so) ^fk^Lfzo 

^niban:?.^^*^ -7 h L, 'J 7^-:h-i;i|3i^ LT 1 5 0 *CO/n°- A-?fitc 

[0 0 5 4 1 

5 ) 

miiEJ|#2 003-3099976 



2 0 0 3 -3 8 5 5 9 4 ^- v : 8/ 

5k gt. ^m. 76g> 75^^i-v^ 1 6 . 4 g (Rm^J -J -i? A . h 
>J ^ A^) . Jtl^tviJ'-^. v-i? A • t^tK^D^I 5 0 g ^tnx.T«E*|iLy^c 1. 6 k gOTK^ 

^v^-C% HtIiSa^il!l^#-&t-tj£o-Ca-;H±5iLT 0. 7 7 mm<7))?$ <!: L. 2 0 
^nJOX-m*) IHLXU 1. 5 mm<^fflj^i: L/Co 

^tv^-CC^fb^^^. (9 9 Ot>F^^L7t:m, :^ta 5. 7 2%. 

>^y-^* 1. 3 4 (p H 6. 80) ^m.^LfZo 

^f>tc. cmfb^l?.^^*;^ y h L. 'J LT 1 5 0 *C<0/n°- A-/ft {z 

T 1 2 0#F^?dl*itf^tfoTvftmtf4'ISS^t#7t:o -CO^, fiie^?ftJitfS^ T'ti 

1 0 0 5 51 

(mmm e ) 

/J^Xf^ 5kgi,t:ia 7 6 g, 16. 4g (^^:^ 'J A , h 

'^v^-e, Hi||eS!titil^'ft-^t;t;toTn-;H±5iLT 0. 7 7 mmfiOlp: $ <i: L. 2 0 

m^^rztihm^i:.'^mizx^ 9 om^mttz^k. -k^ 5. 7 2%. ^ 

ymy-^ 1. 3 4 %7j/^'b4-'l)->^7-?^ (p H 6. 8 0) ^ntfzo 

^hliZ^ Ztihm^'^^m:^ y V L. V r--i--iZi\RmLr 1 5 0 "CO/n'- Ayfitc 

[0 0 5 61 

immm i ) 

/hSil^^ 5kg^.:i:i£ 7 6g.7&-^1-v^ 16. 4g (j^®:^ 'J ■> A. Ftm-:^ h 
■J-^A^) , fi^)\^^;^y (^^T;i-5 A;^ 'J -^/A) 2 5 g ^i)nx.Titr4^L/«: 
1. 6 k gOTK^ 5 ^-^--t^^SAL, 1 8^-^FHl?IML-CS^ilkt L;'>:o 

HuiES^i|ll^mStzt^£o-Cn-;i,BE® LT 0. 7 7 mmCOl?$ t L. 20 
# 133 0 tB L Tits 1. 5 mmOM^^t Lf-io 

M</^-c^neii^^> ct 19 9 Ot>F^^L/.:|^> 5. 7 2%, iJ'';!^^? 

>^V-^ 1. 3 4 %55-fb^^ 7-?lS (p H 6. 80) ^TOL^'^o 

^fbt;, daibg^^^*:* y h L, >; LT 1 5 0 t:<7)/N°-A;^Stz 

v^n, x-7°^ML, Wi^\^xf) y-rx^^mmm^mm^m%.\^fzo 

[0 0 5 71 

(^*fe1?lJ 8 ) 

A-mh 5kgi:.:^i£ 7 6 g . r^ft;^ v ■i' A 6. 0 g ^*nx.Ttt#L7t: 1 
. 6 k gOTK^ 5 ^+^-tz*SA L, 1 8 55-FHlrSMLra^illii: L/:;o 

^v^-C\ Hi)lEli^il!l^#-^t;t/tor n-;uj±5i LT 0. 77mmOlp^i:L, 20 
#:ft?J-e^»9 its L Tips 1. 5 mm<^0^i: L;'>:o 

Mv^TC^fbS^^, -^fetc J: 9 0#FB^mL7t:t^. 5. 7 2%. ^'^l/^^ 

ymy-y 1. 3 4 %75^(b4-^ v-V (pH 6. 8 0) ^m^\^fz^ 

^tiibS^^^S:^ y h L, 'J-r-^-tiTOLT 1 5 0 ^O/n'- Ajfft 
T 1 2 0#F^/Mitf^^for^ftmif4'M^t#;^-:o -O^, H«ie^y*JitfS«- 

[0 0 5 81 

(^Sfe^U 9 ) 

/J>^*& 5 k g i; . 7 6 g > 1 6 . 4 g {mMf} 'J ■> A , h 

^ um) . ^ • -imm 2 s g^un£T«fcr=^L/c 1. 6kg<^)7K^5^ 

■9- - t-iSA L , 1 8 ^F^?Ii^ L xm^ik t L /^o 
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!Wm 2 0'03-' 385594 ^- v : 9/ 

^v^-e, HUgea^illl^'^fetCt^e->Tn-;i//E]itT 0. 7 7 mmOl? $ t L> 20 

^f^JlX^WO thLX^^ 1. 5 mmOS^ci: L/Co 
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